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ELECTROCODEPOSITION OF POLYMER 
BLENDS FOR PHOTORECEPTOR SUBSTRATES 

BACKGROUND OF THE INVENTION 

This invention relates in general to polymeric ?lms, 
and in particular, to seamless polymeric ?lms and to a 
process for preparing the ?lms as belts for use in an 
electrophotographic imaging member. The polymeric 
?lms of the present invention comprise blends of poly 
mers prepared by electrocodeposition. 

Electrophoretic deposition of polymers in solution is 
a known process for obtaining polymeric ?lms. Typi 
cally a dispersion of charged particles is deposited on a 
surface by application of a voltage or current in an 
electrodeposition bath. Polymer ?lms obtained by the 
electrodeposition process may be used for a variety of 
purposes, such as for use in an electrophotographic 
imaging member. 
A number of electrophotographic imaging members 

are known which comprise a photoconductive material 
deposited on a rigid conductive substrate. These imag 
ing members require elaborate, highly sophisticated, 
and expensive equipment for fabrication. For example, 
imaging members have been prepared by vacuum de 
positing selenium alloys onto rigid aluminum substrates. 
Imaging members have also been prepared by coating 
rigid substrates with photoconductive particles dis 
persed in an organic ?lm forming binder. Coating of 
rigid drum substrates also has been effected by various 
techniques such as spraying, dip coating, vacuum evap 
oration, and the like. Rigid drum imaging members, 
however, limit apparatus design ?exibility, are less de 
sirable for ?ash exposure, and are expensive. 

Flexible imaging members are also known. Flexible 
organic imaging members may be manufactured by 
coating a web, and thereafter shearing the web into 
segments which are then formed into belts by welding 
opposite ends of the sheared web. The resulting welded 
seam on the imaging member, however, disrupts the 
continuity of the outer surface of the imaging member 
and therefore must be indexed so that it does not print 
out during an imaging cycle. Efficient stream feeding of 
paper and throughput are thus adversely affected be 
cause of the necessity to detect a seam within the length 
of each sheet of paper. The mechanical and optical 
devices required for indexing add to the complexity and 
the cost of copiers, duplicators, and printers, and reduce 
the ?exibility of design. Welded belts are also less desir 
able for electrophotographic imaging systems because 
the seam forms a weak point in the belts and collects 
toner and paper debris during cleaning. 

Accordingly, seamless belts suitable as substrates for 
electrophotographic or ionographic imaging members 
are particularly desirable. One method of obtaining 
seamless belts is by electrodeposition. 

U.S. Pat. No. 3,676,308 to Brown discloses elec 
trocodeposition of polyvinylidene chloride and copoly 
mer particles with copper. Fine particles of organic 
resins derived from vinylidene chloride densely code 
posit with copper when dispersed in aqueous acidic 
copper electroplating baths. Two-phase copper coat 
ings having densely embedded resin particles are ob 
tained. 

U.S. Pat. No. 3,761,371 to Dickie et al discloses elec 
trodeposition of various coating materials. Particulate 
elastomers may be mechanically mixed with an electro 
depositable carrier resin and electrodeposited. The elas 
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2 
tomer electrodeposits as a reaction product with a mon 
omer or low molecular weight prepolymer that pro 
vides the reaction product with an ionizable surface 
functionality. 

U.S. Pat. No. 3,798,143 to Rolles et al discloses an 
electrophoretic deposition of an acrylic interpolymer 
comprising methacrylate and an acrylic acid on an alu 
minum substrate from an aqueous colloidal dispersion. 
The coating is coalesced on the aluminum or anodized 
aluminum substrate by heating or by a coalescing agent. 

U.S. Pat. No. 3,869,366 to Suzuki et al discloses a 
method of electrocoating which comprises immersing 
an electrically conductive metallic article in an aqueous 
electrode deposition bath containing a cationic binder 
resin and a non-ionic synthetic resin powder dispersed 
therein. The cationic binder resin is neutralized with an 
acid compound and the non-ionic synthetic resin pow 
der in the deposition bath. ' 

U.S. Pat. No. 3,920,532 to Hansen et a1 discloses a 
process for electrodeposition of a dispersion of finely 
divided substances in an apolar dispersing agent. The 
dispersion includes surface-active ion-forming sub 
stances which are soluble in a dispersing agent and are 
dissociable. 

U.S. Pat. No. 4,425,467 discloses a method of making 
a non-aqueous emulsion from which a polymer can be 
electrodeposited. A mixture is prepared of about 50 to 
about 150 parts by weight of a non-aqueous organic, 
non-electrolyzable, non-solvent for the polymer with 
about 0.8 to about 1.2 parts by weight of a nitrogen-con 
taining base which can be a tertiary amine, an imidazole, 
or mixture of a tertiary amine and an imidazole. To the 
mixture is added a solution of 1 part by weight of the 
polymer which can be a polyamic acid, a polyamide 
imide, a polyirnide, a polyparabanic acid, a polysulfone, 
or a mixture of these polymers. The polymer is in a 
non-aqueous, organic, non-electrolyzable aprotic sol 
vent such as N-methyl-2-pyrrolidone. 

In addition, “An Electrically Conductive Plastic 
Composite Derived from Polypyrrole and Poly(vinyl 
Chloride)”, M. De Paoli et al., Journal of Polymer Sci 
ence, Vol. 23, pages 1687 to 1698 (1985), discloses a 
process for obtaining an electrically conductive plastic 
material by the electrochemical polymerization of pyr 
role in a poly(vinyl chloride) matrix to form a compos 
ite wherein the polypyrrole is uniformly distributed in 
the poly(vinyl chloride) matrix. A ?lm of poly(vinyl 
chloride) is cast on the surface of an electrode, and the 
coated electrode is used to generate polypyrrole in the 
pores of the matrix. Further “Conductive Composites 
from Poly(vinyl chloride) and Polypyrrole”, M. De 
Paoli et al., J. Chem. Soc, Chem. Commun., pages 1015 
and 1016 (1984), discloses a process that entails the 
electrochemical polymerization of pyrrole on a plati 
num electrode covered with ?lm of poly(vinyl chlo~ 
ride) to produce a composite polymer ?lm. 

William W. Limburg, Santokh S. Badesha, and John 
S. Facci in “Seamless Conductive Substrate for Electro 
photographic Application,” Xerox Disclosure Journal, 
Vol. 14, No. 2 (1989) disclose a conductive substrate 
comprising an interpenetrating polymer domain net 
work comprising an electrically conductive polypyr 
role in a host polymer such as polyvinyl chloride. The 
interpenetrating network can be prepared by depositing 
the host polymer on a cylindrical metallic electrode by 
electrostatic powder or solvent spray processes, fol 
lowed by immersing the host polymer and- the conduc 
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tive mandrel in a bath containing a solution of pyrrole in 
an electrolyte solution and anodically electropolymeriz 
ing the pyrrole to deposit conductive polypyrrole 
throughout the void areas of the host polymer. Alterna 
tively, the pyrrole swelled host polymer can be con 
tacted with diethyl selenite to cause the pyrrole to poly 
merize oxidatively to polypyrrole on contact. Further, 
an interpenetrating domain network of polypyrrole can 
be created by diffusing separated solutions of diethyl 
selenite and pyrrole in a swelling solvent into the host 
polymer from opposite sides of the ?lm so that oxidative 
chemical polymerization of pyrrole occurs within_the 
host polymer where the separated solutions intersect. 
Although the above-described patents provide meth 

ods for electrodepositing various materials, there re 
mains a need for an electrodeposition process which 
enables the preparation of polymeric compositions with 
superior mechanical and physical properties. In particu 
lar, seamless photoreceptor substrates which are ?exi 
ble, tough, noncompliant and tear resistant are desir 
able. However, these substrate properties are dif?cult to 
obtain in a pure single component polymeric material. 
For example, photoreceptor substrate materials, such as 
polyamideimide, possess many superior mechanical 
properties except for tear and crack propagation. It is 
thus desirable to fabricate substrates in which the de 
sired mechanical properties of a polymer may be tai 
lored for individual applications. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide improved 
?exible, free standing polymeric belts, and a process for 
producing such belts. 

It is an object of the invention to provide a process 
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for producing ?exible belts wherein the properties of 35 
the polymeric ?lm may be tailored. 

It is a further object of the invention to provide poly 
mer blends which have superior mechanical properties. 

It is an object of the invention to electrocodeposit 
incompatible polymer blends. 

It is an object of the invention to provide mi 
croheterogeneous polymer ?lms which comprise mi 
crodomains of a guest polymer in a host polymer. 

It is also an object of the invention to provide poly 
meric ?lms which are non-light scattering. 
These and other objects of the invention are achieved 

by providing a dispersion of electrically charged, ther 
moplastic or thermoset ?lm forming polymer particles 
in an organic liquid dispersion. The dispersion is formed 
without a nitrogen-containing base. The polymer parti 
cles comprise a mixture of particles of a host polymer 
and particles of a guest polymer, which polymers may 
be incompatible or compatible with one another. The 
polymers may be electrocodeposited to form a mi 
croheterogeneous blend of polymer particles. The de 
posited ?lm may be dried and subsequently coated with 
various layers for forming an electrophotographic im 
aging member. 
The polymeric dispersions of the invention may be 

formed by a number of methods. In one embodiment, 
the polymers which form the polymer blends are each 
dissolved in a common solvent. A dispersion is formed 
by dispersing the resulting solution in a solvent which is 
a precipitant for both polymers so that small charged 
particles are formed. The polymers are then elec 
trocodeposited at one electrode. 

In another embodiment, a dispersion of a ?rst poly 
mer is prepared by adding a solution of the ?rst polymer 
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4 
to a dispersant solvent. Then, a second polymer is dis 
persed in the dispersion of the ?rst polymer by adding a 
solution of the second polymer to the dispersion of the 
?rst polymer. Charged particles of each polymer are 
thus prepared and electrocodeposited. 

In yet another embodiment of the present invention, 
a solution of a ?rst polymer is added to a dispersion of 
a second polymer which contains only a single non-sol 
vent for the ?rst polymer. The dispersant for the second 
polymer is also a dispersant for the ?rst polymer, which 
results in a dispersion of charged particles of the ?rst 
and second polymers in a multicomponent dispersant 
solvent system. 

In yet another embodiment, a dispersion of a ?rst 
polymer and a ?rst solvent system is mixed directly 
with a dispersion of a second polymer in a second sol 
vent system. The ?rst and second polymers are dispers 
ible in the resulting combined solvent system of the ?rst 
and second solvent systems. 

In another embodiment, a block copolymer com 
posed of ?rst and second blocks is dissolved in a solvent 
and then dispersed in a non-solvent to produce a disper 
sion. The dispersion also contains a second polymer 
which preferably is compatible with one of the ?rst and 
second blocks. The dispersion is then electrodeposited 
to form the polymer ?lm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete understanding of the present inven 
tion can be obtained by reference to the accompanying 
Figures in which: 
FIG. 1 is a schematic representation of an apparatus 

used for electrocodeposition in the present invention; 
FIG. 2 is a schematic representation of an elec 

trocodeposition of the present invention: 
FIG. 3 is a plot of ?lm thickness of a ?lm of 77% 

polyamideimide/23% polyethersulfone as a function of 
the electrodeposition time; 
FIG. 4 is a plot of the Young’s modulus of polymer 

?lms containing polyamideimide and polyethersulfone 
prepared by electrodeposition as a function of the con 
centration of polyamideimide in the dispersion; and 
FIG. 5 is a plot of stress intensity factor Kc for elec 

trodeposited ?lms of polyamideimide and polyethersul 
fone as a function of the concentration of polyamidei 
mide. 

DESCRIPTION OF PREFERRED 
' EMBODIMENTS 

The ?lm forming polymer blends of the invention 
may be prepared by depositing the polymers onto an 
electrode by an electrophoretic deposition process. This 
process generally employs the use of a conventional 
two-electrode cell containing an anode and a cathode. 
The polymer blends may be deposited either at the 
anode or at the cathode depending on the nature of the 
polymer or polymers. The anode or cathode may be, for 
example, a planar electrode, a seamless mandrel of cy 
lindrical geometry, a complex geometry electrode, or 
the like. 
A two-electrode cell which may be used in the pres 

ent invention may be one wherein the working elec 
trode is a seamless cylindrical mandrel. Electrocodepo 
sition is carried out by application of moderate to low 
dc voltages. The polymer blends of the invention are 
electrocodeposited from a dispersion at one electrode of 
the electrocodeposition apparatus. The mandrel may be 
solid or hollow, and if hollow, electrodeposition may 
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take place either on the inside surface or the outside 
surface. When deposition is desired on the inside surface 
of a hollow cylindrical working electrode, the counter 
electrode is generally a cylindrical mandrel sleeve of 
smaller diameter than the working electrode so that the 
cylinder of the counter electrode ?ts concentrically 
inside the cylinder of the working electrode. When 
deposition is desired on the outside surface of a cylindri 
cal electrode, the working electrode is generally a seam 
less cylinder of a material such as nickel, and the 
counter electrode is a cylindrical sleeve of a material 
such as nickel that is of larger diameter than the work 
ing electrode, and is placed concentrically around the 
working electrode. 
Any suitable material having electrically conductive 

surfaces may be used for the counter electrode and for 
the working electrode upon which the polymeric 
blends of the present invention are deposited. The elec 
trodes should be dimensionally and thermally stable at 
the processing temperatures utilized, should be insolu 
ble in the organic liquids employed in the elec 
trocodeposition processes of the present invention, and 
should not react chemically with the components of the 
dispersion mixture. Electrode materials may include 
metals such as stainless steel, nickel, chromium, brass, 
platinum, and the like. Typical electrode materials may 
also include ceramic, glass, and the like coated with an 
electrically conductive coating. The electrode may be 
formed by extrusion molding, blow molding, injection 
molding, casting and the like to achieve the desired 
shape. Preferred electrodes are electroformed nickel 
mandrel sleeves prepared by electrodeposition of nickel 
from a nickel-containing bath. The electrode is gener 
ally cylindrical in shape and may be hollow or solid. 
The electrode surface on which the polymer is depos 
ited functions as a molding surface for a ?lm formed by 
the process of this invention. 
FIG. 1 shows a schematic illustration of an elec 

trocodeposition apparatus 1 used in the invention, 
wherein a hollow, cylindrical working electrode 2 is 
provided having a counter electrode 3 positioned con 
centrically therein. A polymer dispersion 4 is contained 
within a bath 5. A power supply provides a positive 
current to the working electrode (anode) and a negative 
current to the counter electrode (cathode). The applied 
voltages may range from about 1 to about 120 volts, and 
the process of the invention preferably is carried out at 
20 volts to about 50 volts. 

After the desired thickness of polymer ?lm is depos 
ited, the mandrel containing the deposited polymer ?lm 
is removed from the bath. The ?lm on the mandrel is 
cured and, as appropriate, the solvent is removed. The 
?lm on the mandrel may be heated to effect curing and 
removal of solvent. The dry ?lm may then be removed 
from the mandrel for coating of further layers, for ex 
ample, for fabrication of an electrophotograhic imaging 
member. 

In the above-described deposition process, a release 
agent may be applied to the electrode surface prior to 
deposition to facilitate removal of the polymer ?lm. 
Release materials include, for example, silicones (e.g., 
E-l55 silicone release coating and SWS F-544 cured 
with F-546 catalysts, both available from SWS Silicones 
and Dow Corning 2O mold release, available from Dow 
Corning Corporation); and the like. When release coat~ 
ings are employed, the release coatings are preferably 
applied to a clean electrode surface. Conventional in 
dustrial procedures such as metal polishing followed by 

5 

25 

35 

45 

55 

60 

6 
chemical washing, solvent cleaning and degreasing 0f 
the electrode prior to application of the release coating 
may be utilized. Depending upon the initial condition of 
the electrode surface, it may be desirable to remove dirt, 
rust, mill scale, paint, oil and the like. Typical coating 
techniques include dip coating, spray coating, brush 
coating, and the like. 
A schematic illustration of an electrocodeposition 

process of the present invention is shown in FIG. 2. In 
FIG. 2, deposition of the polymer blend of polymer A 
and polymer B is carried out at the anode. Charged 
dispersed polymer particles A and B migrate toward the 
oppositely charged electrodes to form a dense ?lm. 
FIG. 2 shows an embodiment in which polymer B is the 
host polymer (major component) and polymer A is a 
guest polymer (minor component). The polymer ?lms 
thus prepared are microheterogeneous, i.e., they con 
tain microdomains of the guest polymer (minor compo 
nent) in the host polymer (major component). The mi 
crodomains may range in thickness from about 2 mi 
crometers to about 50 micrometers. 
A number of methods may be utilized to form the 

polymer dispersion of the invention. Generally, a dis 
persion is formed containing at least two polymers. The 
dispersion is formed without a nitrogen-containing base. 
The dispersion of polymers is electrodeposited to form 
the ?lm containing the microdomains of the guest poly 
mer in the host polymer. 

In one method of forming a dispersion, which herein 
after will be referred to as the simultaneous process, a 
?rst polymer A and a second polymer B which are to be 
electrocodeposited are sequentially dissolved in a com 
mon solvent forming a solution of polymer A and poly 
mer B. The solution is then dispersed in a solvent which 
is a precipitant of both polymer A and polymer B. The 
resulting dispersion is comprised of small charged parti 
cles of each polymer. The dispersion containing poly 
mers A and B is used in an apparatus such as that shown 
in FIG. 1. 
A second method in which a dispersion may be pre 

pared for electrocodeposition of the invention com 
prises preparing a dispersion of polymer A by adding a 
solution of polymer A to a dispersant solvent for poly 
mers A and B. Polymer B is then dispersed in the disper 
sion of polymer A by adding a solution of polymer B to 
the dispersion of polymer A. 
Another method of preparing a dispersion for elec 

trocodeposition of the invention includes adding a solu 
tion of polymer B to a dispersion of polymer A which 
contains only a single, non~solvent for polymer B, i.e., 
the dispersant for polymer A is also a dispersant for 
polymer B. This results in a dispersion of charged parti 
cles of A and B in a multicomponent dispersant solvent 
system. 
Yet another method of preparing a dispersion for 

electrocodeposition of the present invention includes 
mixing a dispersion of polymer A in solvent system A’ 
directly with a dispersion of polymer B in solvent sys 
tem B’. Polymers A and B in this embodiment must be 
dispersible in the resulting solvent system A'+B’. 
Another method of preparing a dispersion for use in 

an electrocodeposition process of the present invention 
includes dissolving a diblock or multiblock copolymer 
or graft copolymer composed of blocks of A and B in a 
solvent, and then dispersing the solution in a non-sol 
vent. The block copolymers must be combined with a 
second polymer which is compatible with at least one of 
the blocks. 
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The above methods of preparing dispersions for elec 
trocodeposition may include use of any of a number of - 
suitable polymers and solvents. The polymers which 
form the polymer blends of the invention may be poly 
mers which are compatible with one another, but may 
also be polymers which are incompatible with one an 
other. The present invention advantageously allows for 
the electrocodeposition of incompatible polymers. By 
incompatible polymers, it is meant polymers which 
phase segregate when mixed due to their mutual insolu 
bility in one another. Most polymers are mutually in 
compatible. It is generally not possible to prepare ho 
mogeneous ?lms of incompatible polymer blends by 
other techniques such as solvent casting or spraying. 

Suitable ?lm forming thermoplastic polymers must be 
capable of forming a dispersion of electrically charged, 
thermoplastic ?lm forming polymer particles in an or 
ganic liquid. The expression “dispersion” as used herein 
is de?ned as ?ne particles having an average particle 
size of less than 100 pm in diameter distributed in a 
liquid medium with no direct contact between the parti 
cles. The dispersions employed in the process of this 
invention should be substantially free of polymer parti 
cle agglomerates. The expression “substantially free of 
polymer particle agglomerates” as used herein is de 
?ned as free of any polymer particle agglomerates hav 
ing a size larger than about two to about ?ve times the 
average particle size of polymer particles in the disper 
sion. Agglomerates having a size larger than about two 
to about ?ve times the average particle size of polymer 
particles in the dispersion can deposit onto the sleeve 
electrode and cause an irregular surface to form on the 
belt. Agglomerates may be ?ltered out, if desired. 
Any suitable high molecular weight polar or nonpo 

lar thermoplastic ?lm forming polymer may be em» 
ployed in the process of this invention. Typical nonpo 
lar thermoplastic ?lm forming polymers include chloro, 
bromo or fluoro substituted polyvinyl compounds such 
as polyvinyl ?uoride, (e.g., Tedlar available from El. 
du Pont cle Nemours & Co.), polyvinylidene ?uoride 
(e.g., Kynar 202 available from Pennwalt Corp), and 
polyvinyl chloride; polyethylene; polypropylene; poly 
ethers; styrene-butadiene copolymers; polybutylenes; 
and the like. Typical polar thermoplastic ?lm forming 
polymers include polyamides (e.g., nylon); polycarbon 
ates (e.g., Makrolon 5705, available from Bayer Chemi 
cal Co.; Merlon M39, available from Mobay Chemical 
Co.; Lexan 145, available from General Electric Co.); 
polyesters (e. g., PE-lOO and PE-ZOO, available from 
Goodyear Tire and Rubber Co.); polysulfones (e.g., 
Victrex, available from ICI Americas); polysul?des; 
cellulosic resins; polyarylates; acrylic resins; polyaryl 
sulfones; polyphenylenesul?des; polyurethanes; polyi 
mides; epoxies; poly(amide-imide) (e.g., Torlon Poly 
mer T-lO, Torlon TF-4000, available from AMOCO 
Chemical Corp); copolyesters (Kodar Copolyester 
PETG 6763 available from Eastman Kodak Co.); po 
lyethersulfones; polyetherimides (e.g., Ultem available 
from General Electric Co.); polyarylethers; and the 
like. Polycarbonate polymers may be made, for exam 
ple, from 2,2-bis(4-hydroxyphenol)propane, 4,4'-dihy 
droxy-diphenyl-l,l- ethane, 4,4'-dihydroxy-diphenyl 
l,l-isobutane, 4,4’-dihydroxy-diphenyl-4,4-heptane, 
4,4'-dihydroxy-diphenyl-2,2-hexane, 4,4'-dihydroxy 
triphenyl-2,2,2-ethane, 4,4'-dihydroxy-diphenyl-1,1 
cyclohexane, 4,4’-dihydroxy-diphenyl-B-B-decahy 
dronaphthalene, cyclopentane derivatives of 4,4'-dihy 
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8 
droxy-diphenyl-B-B-decahydronaphthalene, 4,4'-dihy 
droxy-diphenyl-sulfone, and the like. 
Diblock copolymers or multiblock copolymers (such 

as General Electric STMISOO silicone copolymer) may 
be employed in the process of this invention. A diblock 
copolymer consists of polymer chains which contain 
two chemically distinct monomers A and B such that all 
A monomers are connected into an A block and all the 
B monomers are connected into a B block such as polys 
tyrenepolybutadiene diblock polymers. Multiblock pol 
ymers contain multiple blocks of A monomer and B 
monomer such as General Electric STMlSOO silicone 
copolymer. One of the A or B components of the block 
copolymer should be compatible with a second polymer 
A‘ which can serve as either the host or guest polymer. 
This insures good interfacial adhesion between the in 
compatible A’ and B phases. 

Solvents for dissolving the polymer in solution may 
include any solvent which is known to dissolve a partic 
ular polymer. For example, polymers such as 
poly(amideimides) and polyethersulfones may be dis 
solved in N-methyl pyrrolidone (NMP) or dimethyl 
formamide. Likewise, any known solvent which is a 
dispersant for the polymer solution may be used as the 
dispersant. For example, poly(amideimides) and po 
lyethersulfones may be dispersed in solvents such as 
acetonitrile, butyronitrile, acetone, MIBK (me 
thylisobutyl ketone), and the like. Suitable liquid disper 
sion media generally are determined for each polymer, 
and are those that disperse the polymer without forming 
a large amorphous mass. The liquid dispersion medium 
is preferably one that results in the polymer becoming 
electrostatically charged upon being dispersed in the 
liquid. Suitable liquid dispersion media include sol 
vent/non-solvent combinations of materials such as 
solvents dimethylsulfoxide, N-alkylpyrrolidones such 
as N-methylpyrrolidone, dialkylformamides such as 
dimethyl formamide, dialkylacetamides such as dimeth 
ylacetamide, N-alkyl formamides such as N-methylfor 
mamide, and N-alkylacetamides such as N-methylaceta 
mide; and non-solvents propylene carbonate, acetone, 
alkyl ketones such as methylethylketone and methyliso 
butylketone, alkylnitriles such as acetonitrile, propioni 
trile, and butyronitrile, and the like. For example, when 
the host polymer is polyvinyl ?uoride or polyvinyli 
dene ?uoride, the preferred liquid dispersion medium is 
propylene carbonate. For host polymers such as poly(a 
mide-imide) and polyimide, preferred liquid dispersion 
media comprise a solvent such as dirnethylsulfoxide and 
amine containing solvents, such as N-methylpyrroli 
done, dimethylformarnide, dimethylacetamide, N 
methylformamide, N-methylacetamide, and the like, 
and a non-solvent such as acetone, methylethylketone, 
methylisobutylketone, acetonitrile, propionitrile, buty 
ronitrile, and the like. 

After the polymer has been dissolved in a solvent, a 
dispersion may be formed by adding the mixture to a 
suitable non-solvent. Suitable non-solvents are liquids in 
which the polymer is not soluble but which are miscible 
with the polymer solvent and include materials such as 
aliphatic nitriles and ketones. Addition of the solvent in 
an amount of from about 21 to about 33 volume percent, 
preferably about 28 volume percent, results in forma 
tion of a dispersion of particles of the host polymer in 
the liquid dispersion medium in a concentration of from 
about 0.1 to about 1 percent by weight, preferably about 
1 percent by weight. Addition of the polymer to the 
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liquid dispersion medium results in the polymer becom 
ing charged. 
The concentration of host polymer in the liquid dis 

persion medium is generally from about 0.1 to about 0.7 
percent by weight, with about 0.7 percent by weight 
being preferred. The guest polymer in the liquid disper 
sion may range from about 0.1 to about 0.3 percent by 
weight, with about 0.3 percent by weight being pre 
ferred. 
A typical combination of polymer and organic liquid 

dispersion medium includes polyvinyl?uoride and 
propylene carbonate, isophorone, N-methyl pyrrol 
idone, N,N,-dimethylformamide, butyrolactone, dime 
thylphthalate, acetophenone, acetyl triethyl citrate, 
aniline, n-butyl levulinate, dibenzyl ether, dibutyl fu 
marate, di-n-butyl maleate, dibutyl phthalate, di-n-butyl 
succinate, dibutyl tartarate, di(2-ethyl hexyl)phthalate, 
diethyl phthalate, diethyl maleate, diethyl phthalate, 
diethyl sebacate, dimethyl adipate, dioctyl adipate, 
ethyl levulinate, quinoline, o-toluidine, triacetin, tribu 
tyl citrate, tributyl phosphate, triethyl citrate or triethyl 
phosphate. Another example of a combination of poly 
mer and organic liquid dispersion medium is polyvinyli 
dene ?uoride and butyrolacetone, isophorone, carbinol 
acetate, methyl isobutyl ketone, n-butyl acetate, cyclo 
hexanone, diacetone alcohol, diisobutyl ketone, ethyl 
acetoacetate, triethyl phosphate, propylene carbonate, 
or dimethyl phthalate. Still other examples include 
combinations of propylene carbonate organic liquid 
dispersion medium with a polymer of nylon, polyvinyl 
chloride, polyvinyl chloride-polyvinylidene chloride or 
polyvinylidene chloride-polyacrylonitrile. 
The dispersion should be substantially free of water 

because it can cause polymer agglomerates and chunks 
to form in the ?nal ?lm. Water also prevents or retards 
electrodeposition. The expression “substantially free of 
water” as employed herein is de?ned as containing less 
than about 1 percent based on the total weight of the 
liquid dispersion medium. 

If desired, the dispersion mixture may be modi?ed by 
additional material. Thus, for example, the conductivity 
of the dispersion may be altered to the desired value by 
the incorporation into the dispersion mixture of minor 
amounts of additives or relatively large amounts of a 
second organic liquid. 
An example of an appropriate second organic liquid is 

alcohols. The addition of alcohol can alter conductiv 
ity, thereby permitting conductivity adjustments to 
achieve a level at which satisfactory polymer particle 
deposition occurs. The change in conductivity of the 
organic liquid phase is believed to be due to ion species 
residing on the surface of the polymer particles in the 
liquid dispersion medium. The counter charge resides 
on the particle and results in more charge on the poly 
mer particles, thereby enhancing migration. However, 
the measured current and higher conductivity of the 
dispersion are due to the ions in the solvent. The dis 
persed polymer particles migrate to the electrode but on 
arrival do not charge exchange completely due to the 
insulating nature of the particles. The charge which 
resides on the polymer particles in a region which does 
not contact the electrode remains and holds the particle 
onto the electrode. If the electrode is removed from the 
dispersion and a conductive liquid applied to the parti 
cles on the electrode, complete charge exchange would 
occur and the particles would lose their adhesion and 
wash away with the conductive liquid. This will not 
occur with insulating liquids. An alcohol such as metha 
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10 
no] renders the polymer particles more ionic and leads 
to higher deposition rates with steady currents. The 
current is steady because the ?lm build-up is not limited 
by the insulating nature of the particles. The current 
that ?ows during the deposition is primarily the leakage 
current and not due to the polymer particles migrating 
to the cathode and undergoing charge exchange. Other 
suitable lower alcohols may also be used to control the 
degree of ionization of surface charges on the polymer 
particles or conductivity. As indicated above, a pre— 
ferred electrical conductivity for the dispersion mixture 
is between about 4X 10-3 mho/cm and about 
1.0x l0-3 mho/cm. Typical alcohols include methanol, 
ethanol, isopropanol, and ethylene glycol. The alcohols 
should contain from 1 to 3 carbon atoms. Generally, the 
amount of low boiling alcohols added to the dispersion 
should be minimized to avoid bubble formation in the 
?lm during heating due to alcohol trapped in the ?lm. 

. Any suitable additives, such as release agents, surfac 
tants and charge control agents may be added to the 
polymer dispersions of the invention. For example, an 
additive may be added to enhance wetting of the elec 
trode, adjust electrical conductivity, alter dielectric 
properties, facilitate ?lm removal, stabilize the disper 
sion, increase deposition rate, act as an antioxidant, 
thermal stabilizer, curing agent,.reinforcing agent, dye 
or coloring agent, and the like. Generally, the total 
additive amount of release agent, surfactant and charge 
control agent added to the dispersion is less than about 
1 percent by weight based on weight of dispersion 
solids. 
The additive may comprise a minor amount of any 

suitable release agent to facilitate release of the polymer 
?lm formed on the electrode. When release promoting 
additives are placed into a polymer dispersion and 
hence are present in the belt after processing, the addi 
tives promote release by reducing the adhesive force to 
the mandrel. The additives may not necessarily provide 
soft release per se of the belt from the mandrel with 
cooling to room temperature, but can reduce the adhe 
sion of the belt to the mandrel and thus render it easier 
to remove by peeling. These are typically surface ten 
sion reducing materials such as fluoro-organic surfac 
tants. These materials can also serve a dual function in 
that they can function as conditioning additives for the 
dispersion to prevent the formation of agglomerates, 
establish a linear relationship between ?lmthickness 
and deposition time, and give a steady current during 
the deposition. Typical release materials include, for 
example, mold release agents such as silicones, ?uoro 
carbons, hydrocarbons, soaps, detergents, surfactants 
(e.g. Silwet L-7500, Silwet L-7602, available from 
Union Carbide Corporation and GAFAC RA600 avail 
able from GAF Corporation), and the like. The release 
material may be added to the dispersion, but should be 
compatible with the polymers. In other words, when 
added to the liquid dispersion medium, the release mate 
rial should be compatible with the dispersion medium 
and not phase separate. As a coating on an electrode, 
the release material is preferably not soluble in the liq 
uid dispersion medium. 
The additive may comprise a minor amount of surfac 

tant to stabilize the dispersion and/or modify the sur 
face charge of the polymers. The surfactant is surface 
active and added to the liquid dispersion medium to 
coat the small charged particles, promote the formula 
tion of stable dispersions by steric repulsion effects, and 
modify the charge. A stable dispersion is one which 
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does not settle or is one which is easily dispersible if 
some sedimentation occurs. The surfactant may, for 
example, be any suitable cationic, anionic, or ampho 
teric compound which may be dissociated in the or 
ganic liquid dispersion medium and absorbed onto the 
thermoplastic ?lm forming particles to impart to them a 
net resulting surface charge which determines whether 
they migrate to the anode or the cathode. Typical sur 
factants include ?uorosurfactants (such as Zonyl FSC, 
available from du Pont), ?uorinated alkyl quaternary 
ammonium iodide (such as FC-l35, a cationic surfactant 
available from 3M Company), cationic ?uorosurfactant 
(such as Mon?or-72, available from ICI American Inc.), 
and the like. Zonyl surfactants are characterized as 
having an R group in the molecule which imparts to the 
molecules an extreme tendency to orient at inner faces 
with low interaction between the ?uorocarbon chains. 
The R groups can be, for example, ?uoro, ?uoromethyl 
(CF3—), ?uoroethyl (CF3CF2—), ?uoropropyl 
(CF3CF2CF2--), ?uorobutyl (CF3CF2CF2CF2—), and 
the like. These ?uorosurfactants lower the surface ten 
sion of solutions very well. Also, for example, Zonyl 
FSC surfactant is cationic and is soluble in organic 
dispersing media such as propylene carbonate and is 
believed to dissociate to lead to a positively charged 
ionic species with a ?uorocarbon R group and a nega 
tively charged species of an ionic type. It is believed 
that the positively charged group is absorbed onto ther 
moplastic ?lm forming particles, for example polyvinyl 
?uoride, which have partially dissociated negatively 
charged groups remaining on their surface. This results 
in ?uorocarbon groups which sterically radiate from 
the polyvinyl ?uoride particles and prevent agglomer 
ate formation and further adds to the positive charge on 
the polyvinyl ?uoride particles. This also causes an 
increase in the rate of deposition of polyvinyl ?uoride 
particles onto the cathode and the negatively charged 
species with some non-absorbed dissociated cationic 
surfactant resulting in an increase in the leakage current 
through the organic liquid dispersion medium. The 
dispersion can contain up to about 1.5% by weight 
surfactant based on the total weight of the dispersion 
solids. 
The ?lm forming particles must acquire a suf?cient 

electrostatic charge in the liquid dispersion medium for 
electrodeposition. A charge control agent may be 
added to promote acquisition of suf?cient electrostatic 
charge to migrate under the in?uence of an electric 
?eld. Typical charge control agents include the same 
dispersant additives listed above, including for example, 
Zonyl FSC surfactant, FC-135 ?uorinated alkyl quater 
nary ammonium iodide, and other ?uoro-organic sur 
factants which are cationic and miscible with the liquid 
phase of the dispersion, and the like. Generally, the 
relative amounts of charge control agent added to the 
dispersion may be up to about 10% by weight based on 
the weight of dispersion solids. This charge control 
agent may also perform other functions such as those of 
a release agent or dispersion stabilizer as described 
above. Suf?cient charge control agents should be added 
to the dispersion to impart a charge to the ?lm forming 
particles suf?cient to achieve a deposition rate of, for 
example, about 150 micrometers per minute. If desired, 
the addition of charge control agents may be omitted 
for polar polymers. The addition of charge control 
agents may also contribute to agglomerate free coat 
ings. Thus incorporation of suitable additives such as 
lower alcohols, e. g. methanol, ethanol and isopropanol, 
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12 
or cationic surfactants, can enhance the polymer parti 
cle deposition rates and minimize the formation of ag 
glomerates. 

Thermoplastic ?lms fabricated by the process of the 
invention should be thin and ?exible. In general, ?lm 
thicknesses of up to about 100 mils may be obtained by 
the methods of the present invention. The ?nal thick 
ness of a ?exible ?lm depends on numerous factors, 
including economic considerations and whether the 
?lm constitutes the only layer in the ?nal product. 
Thus, the ?lm may be of substantial thickness, for exam 
ple, as thick as about 100 mils, or as thin as about 0.5 
mils. 
When the ?lm is a substrate to be used in an electro 

photograhic imaging member, the thickness of the ?lm 
should be selected to avoid any adverse effects on the 
?nal device. Substrates that are too thin can split and 
exhibit poor durability characteristics. When the sub 
strate is excessively thick, early failure during cycling 
and higher cost for unnecessary material are often ob 
served. A belt according to the invention may comprise 
a conductive layer or an insulating layer. If the electro 
deposited ?lm is insulating and is intended to be em 
ployed in an electrophotographic imaging member, it is 
normally coated with one or more additional layers 
such as a conductive layer. Additional layers which 
may be applied to the electrically conductive layer may 
include a blocking‘ layer, an adhesive layer, a photocon 
ductive layer or a combination of these layers with or 
without additional layers. 
When employed in an electrophotographic imaging 

member, the ?lms of the invention may be used as a 
supporting substrate. An electrophotographic imaging 
member can be fabricated by coating on the substrate a 
conductive layer, a blocking layer, an adhesive layer, a 
charge generating layer and a charge transport layer. A 
description‘of these layers follows. 
The conductive layer (electrically conductive 

ground plane) may be an electrically conductive metal 
layer which may be formed, for example, on the sub 
strate by any suitable coating technique, such as a vac 
uum depositing technique. Typical metals include alu 
minum, zirconium, niobium, tantalum, vanadium, haf 
nium, titanium, nickel, stainless steel, chromium, tung 
sten, molybdenum, and the like, and mixtures thereof. 
The conductive layer may vary in thickness over sub 
stantially wide ranges depending on the optical trans 
parency and ?exibility desired for the electrophotocon- ‘ 
ductive‘ member. Accordingly, for a ?exible photore 
sponsive imaging device, the thickness of the conduc 
tive layer may be between about 20 Angstroms to about 
750 Angstroms, and more preferably from about 50 
Angstroms to about 200 Angstroms for an optimum 
combination of electrical conductivity, ?exibility and 
light transmission. 

Regardless of the technique employed to form the 
metal layer, a thin layer of metal oxide forms on the 
outer surface of most metals upon exposure to air. Thus, 
when other layers overlying the metal layer are charac 
terized as “contiguous” layers, it is intended that these 
overlying contiguous layers may, in fact, contact a thin 
metal oxide layer. Generally, for rear erase exposure, a 
conductive layer light transparency of at least about 
15% is desirable. The conductive layer need not be 
limited to metals. Other examples of conductive layers 
may be combinations of materials such as conductive 
indium tin oxide as a transparent layer for light having 
a wavelength between about 4000 Anstroms and about 
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9000 Angstroms or a conductive carbon black dispersed 
in a plastic binder as an opaque conductive layer. 

After deposition of ,the electrically conductive 
ground plane layer, a blocking layer may be applied 
thereto. Electron blocking layers for positively charged 
photoreceptors allow holes from the imaging surface of 
the photoreceptor to migrate toward the conductive 
layer. For negatively charged photoreceptors, any suit 
able hole blocking layer capable of forming a barrier to 
prevent hole injection from the conductive layer to the 
opposite photoconductive layer may be utilized. The 
hole blocking layer may include polymers such as 
polyvinylbutyral, epoxy resins, polyesters, polysilox 
anes, polyamides, polyurethanes and the like, or may be 
nitrogen-containing siloxanes or nitrogen~containing 
titanium compounds such as trimethoxysilyl propylene 
diarnine, hydrolyzed trimethoxysilyl propyl ethylene 
diamine, N-beta-(aminoethyl) gamma-amino-propyl 
trimethoxy silane, isopropyl 4-aminobenzene sulfonyl, 
di(dodecylbenzenesulfonyl) titanate, isopropyl di(4 
aminobenzoyl)isostearoyl titanate, isopropyl tri(N 
ethylamino-ethylamino)titanate, isopropyl trianthranil 
titanate, isopropyl tri(N,N-dimethyl-ethylamino)tita 
nate, titanium-4-amino benzene sulfonate oxyacetate, 
titanium 4-aminobenzoate isostearate oxyacetate, 
[H2N(CH2)4]CH3Si(OCH3);, (gamma-aminobutyl 
methyl diethoxysilane), [H2N(Cl-l2)3]Cl-l3Si(OCI-l3)2 
(gamma-aminopropyl methyl diethoxysilane), and 
[H2N(CH2)3]Si(OCl-I3)3 (gamma-aminopropyl triethox 
ysilane) as disclosed in U.S. Pat. Nos. 4,338,387, 
4,286,033 and 4,291,110. A preferred hole blocking 
layer comprises a reaction product between a hydro 
lyzed silane or mixture of hydrolyzed silanes and the 
oxidized surface of a metal ground plane layer. The 
oxidized surface inherently forms on the outer surface 
of most metal ground layers when exposed to air after 
deposition. This combination enhances electrical stabil 
ity at low RH. The hydrolyzed silanes have the general 
formula 

wherein R1 is an alkylidene group containing 1 to 20 
carbon atoms, R2, R3 and R7 are independently selected 
from the group consisting of H, a lower alkyl group 
containing 1 to 3 carbon atoms and a phenyl group, X is 
an anion of an acid or acidic salt, 11 is 1-4, and y is 1-4. 
The imaging member is preferably prepared by deposit 
ing on the metal oxide layer of a metal conductive layer, 
a coating of an aqueous solution of the hydrolyzed 
aminosilane at a pH between about 4 and about 10, 
drying the reaction product layer to form a siloxane film 
and applying an adhesive layer, and thereafter applying 
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14 
electrically operative layers, such as a photogenerator 
layer and a hole transport layer, to the adhesive layer. 
The blocking layer should be continuous and have a 

thickness of less than about 0.5 micrometer because 
greater thicknesses may lead to undesirably high resid 
ual voltage. A hole blocking layer of between about 
0.005 micrometer and about 0.3 micrometer is preferred 
because charge neutralization after the exposure step is 
facilitated and optimum electrical performance is 
achieved. A thickness of between about 0.03 microme 
ter and about 0.06 micrometer is preferred for optimum 
electrical behavior. The blocking layer may be applied 
by any suitable conventional technique such as spray 
ing, dip coating, draw bar coating, gravure coating, silk 
screening, air knife coating, reverse roll coating, vac 
uum deposition, chemical treatment and the like. For 
convenience in obtaining thin layers, the blocking layer 
is preferably applied in the form of a dilute solution, 
with the solvent being removed after deposition of the 
coating by conventional techniques such as by vacuum, 
heating and the like. Generally, a weight ratio of block 
ing layer material and solvent of between about 0.05:100 
to about 0.52100 is satisfactory for spray coating. 

In most cases, intermediate layers between the block 
ing layer and the adjacent charge generating or 
photogenerating layer may be desired to promote adhe 
sion. For example, the adhesive layer may be employed. 
If such layers are utilized, they preferably have a dry 
thickness between about 0.001 micrometer to about 0.2 
micrometer. Typical adhesive layers include ?lm-form 
ing polymers such as polyester, du Pont 49,000 resin 
(available from E1. du Pont de Nemours & Co.), Vitel 
PE-l00 (available from Goodyear Rubber & Tire Co.), 
polyvinylbutyral, polyvinylpyrrolidone, polyurethane, 
polymethylmethacrylate, and the like. 
Any suitable charge generating (photogenerating) 

layer may be applied to the adhesive layer. Examples of 
materials for photogenerating layers include inorganic 
photoconductive particles such as amorphous selenium, 
trigonal selenium, and selenium alloys selected from the 
group consisting of selenium-tellurium, selenium-telluri 
um-arsenic, selenium arsenide; and phthalocyanine pig 
ment such as the X-form of metal-free phthalocyanine 
described in U.S. Pat. No. 3,357,989; metal phthalocya 
nines such as vanadyl phthalocyanine and copper 
phthalocyanine; dibromoanthanthrone; squarylium; 
quinacridones such as those available from du Pont 
under the tradename Monastral Red, Monastral Violet 
and Monastral Red Y; dibromo anthanthrone pigments 
such as those available under the trade names Vat 
orange 1 and Vat orange 3; benzimidazole perylene; 
substituted 2,4.diamino-triazines such as those disclosed 
in U.S. Pat. No. 3,442,781; polynuclear aromatic qui 
nones such as those available from Allied Chemical 
Corporation under the tradename Indofast Double 
Scarlet, lndofast Violet Lake B, Indofast Brilliant Scar 
let and Indofast Orange; and the like, dispersed in a ?lm 
forming polymeric binder. Multi-photogenerating layer 
compositions may be utilized where a photoconductive 
layer enhances or reduces the properties of the 
photogenerating layer. Examples of this type of con?g 
uration are described in U.S. Pat. No. 4,415,639. Other 
suitable photogenerating materials known in the art 
may also be utilized, if desired. Charge generating lay 
ers comprising a photoconductive material such as 
vanadyl phthalocyanine, metal-free phthalocyanine, 
benzimidazole perylene, amorphous selenium, trigonal 
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selenium, selenium alloys such as selenium-tellurium, 
selenium-telluriumarsenic, selenium arsenide, and the 
like and mixtures thereof are especially preferred be 
cause of their sensitivity to white light. Vanadyl phtha 
locyanine, metal-free phthalocyanine and tellurium al 
loys are also preferred because these materials provide 
the additional bene?t of being sensitive. 
Any suitable polymeric ?lm-forming binder material 

may be employed as the matrix in the photogenerating 
layer. Typical polymeric ?lm-forming materials include 
those described, for example, in Us. Pat. No. 3,121,006. 
The binder polymer should adhere well to the adhesive 
layer, dissolve in a solvent which also dissolves the 
upper surface of the adhesive layer and be miscible with 
the copolyester of the adhesive layer to form a polymer 
blend zone. Typical solvents include tetrahydrofuran, 
cyclohexanone, methylene chloride, l,l,l-trichloroe 
thane, 1,1,2-trichloroethane, trichloroethylene, toluene, 
and the like, and mixtures thereof. Mixtures of solvents 
may be utilized to control evaporation range. For exam 
ple, satisfactory results may be achieved with a tetrahy 
drofuran to toluene ratio of between about 90:10 and 
about 10:90 by weight. Generally, the combination of 
photogenerating pigment, binder polymer and solvent 
should form uniform dispersions of the photogenerating 
pigment in the charge-generating layer coating compo 
sition. Typical combinations include polyvinylcarba 
zole, trigonal selenium and tetrahydrofuran; phenoxy 
resin, trigonal selenium and toluene; and polycarbonate 
resin, vanadyl phthalocyanine and methylene chloride. 
The solvent for the charge generating layer binder pol 
ymer should dissolve the polymer binder utilized in the 
charge generating layer and be capable of dispersing the 
photogenerating pigment particles present in the charge 
generating layer. 
The photogenerating composition or pigment may be 

present in the resinous binder composition in various 
amounts. Generally, from about 5% by volume to about 
90% by volume of the photogenerating pigment is dis 
persed in about 10% by volume to about 90% by vol 
ume of the resinous binder. Preferably from about 20% 
by volume to about 30% by volume of the photogene 
rating pigment is dispersed in about 70% by volume to 
about 80% by volume of the resinous binder composi 
tion. In one embodiment, about 8% by volume of the 
photogenerating pigment is dispersed in about 92% by 
volume of the resinous binder composition. 
The photogenerating layer generally ranges in thick 

ness from about 0.1 micrometer to about 5.0 microme 
ters, preferably from about 0.3 micrometer to about 3 
micrometers. The photogenerating layer thickness is 
related to binder content. Higher binder content com 
positions generally require thicker layers for photogen 
eration. Thicknesses outside these ranges can be se 
lected, providing the objectives of the present invention 
are achieved. 
Any suitable and conventional technique may be 

utilized to mix and thereafter apply the photogenerating 
layer coating mixture to the previously dried adhesive 
layer. Typical application techniques include spraying, 
dip coating, roll coating, wire wound rod coating, and 
the like. Drying of the deposited coating may be ef 
fected by any suitable conventional technique such as 
oven drying, infrared radiation drying, air drying and 
the like, to remove substantially all of the solvents uti 
lized in applying the coating. 
The charge transport layer may comprise any suit 

able transparent organic polymer or non-polymeric 
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material capable of supporting the injection of 
photogenerated holes or electrons from the charge gen 
erating layer and allowing the transport of these holes 
or electrons through the organic layer to selectively 
discharge the surface charge. The charge transport 
layer not only serves to transport holes or electrons, but 
also protects the photoconductive layer from abrasion 
or chemical attack, and therefore extends the operating 
life of the photoreceptor imaging member. The charge 
transport layer should exhibit negligible, if any, dis 
charge when exposed to a wavelength of light useful in 
xerography, e.g. 4000 Anstroms to 9000 Angstroms. 
The charge transport layer is normally transparent in a 
wavelength region in which the photoconductor is to 
be used when exposure is effected therethrough to en 
sure that most of the incident radiation is utilized by the 
underlying charge generating layer. When used with a 
transparent substrate, imagewise exposure or erasure 
may be accomplished through the substrate with all 
light passing through the substrate. In this case, the 
charge transport material need not transmit light in the 
wavelength region of use. The charge transport layer in 
conjunction with the charge generating layer is an insu 
lator to the extent that an electrostatic charge placed on 
the charge transport layer is not conducted in the ab 
sence of illumination. 
The charge transport layer may comprise activating 

compounds or charge transport molecules dispersed in 
normally electrically inactive ?lm-forming polymeric 
materials for making these materials electrically active. 
These charge transport molecules may be added to 
polymeric materials which are incapable of supporting 
the injection of photogenerated holes and incapable of 
allowing the transport of these holes. An especially 
preferred transport layer employed in multilayer photo 
conductors comprises from about 25% to about 75% by 
weight of at least one charge-transporting aromatic 
amine, and about 75% to about 25% by weight of a 
polymeric ?lm-forming resin in which the aromatic 
amine is soluble. 
The charge transport layer is preferably formed from 

a mixture comprising at least one aromatic amine com 
pound of the formula: 

wherein R1 and R2 are each an aromatic group selected 
from the group consisting of a substituted or unsubsti 
tuted phenyl group, naphthyl group, and polyphenyl 
group and R3 is selected from the group consisting of a 
substituted or unsubstituted aryl group, an alkyl group 
having from 1 to 18 carbon atoms and a crycloaliphatic 
group having from 3 to 18 carbon atoms. The substitu 
ents should be free from electron-withdrawing groups 
such as NO; groups, CN groups, and the like. Typical 
aromatic amine compounds that are represented by this 
structural formula include: 

I. Triphenyl amines such as: 
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-continued 

Q. 
(<5 

H. His and poly triarylamines such as: 

.@ @961“ @ 
Ill. Bis arylarninc ethcrs such as: 

IV. Bis alkyl-arylamines such as: 

H3C CH3 

N N 

A preferred aromatic amine compound has the gen 
eral formula: 

N R4 N/ 
\ 

R2 R2 

wherein R1 and R1 are de?ned above, and R4 is selected 
from the group consisting of a substituted or unsubsti 
tuted biphenyl group, a diphenyl ether group, an alkyl 
group having from 1 to 18 carbon atoms, and a cycloali 
phatic group having from 3 to 12 carbon atoms. The 
substituents should be free from electron-withdrawing 
groups such as NO; groups, CN groups, and the like. 
Examples of charge-transporting aromatic amines 

represented by the structural formulae above include 
triphenylmethane, bis(4-cliethylamine-Z-methylphenyl) 
phenylmethane; 4,4'-bis(diethylamino)-2,2’-dimethyltri 
phenylmethane; N,N'-bis(alkylphenyl)- l , l '-biphenyl) 
4,4’-diamine wherein the alkyl is, for example, methyl, 
ethyl, propyl, n-butyl, etc.; N,N’-diphenyl-N,N’-bis(3 

1O 
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mcthylphenyl)-(1,l'biphenyl)-4,4'-diamine; and the like, 
dispersed in an inactive resin binder. 
Any suitable inactive resin binder soluble in methy 

lene chloride or other suitable solvents may be em 
ployed. Typical inactive resin binders soluble in methy 
lene chloride include polycarbonate resin, polyvinyl 
carbazole, polyester, polyarylate, polyacrylate, poly 
ether, polysulfone, and the like. Molecular weights can 
vary from about 20,000 to about 1,500,000. Other sol 
vents that may dissolve these binders include tetrahy 
drofuran, toluene, trichloroethylene, 1,1,2-trichloroe 
thane, l,l,l-trichloroethane, and the like. 
The preferred electrically inactive resin materials are 

polycarbonate resins having a molecular weight from 
about 20,000 to about 120,000, more preferably from 
about 50,000 to about 100,000. The materials most pre 
ferred as the electrically inactive resin material are po 
ly(4,4'-dipropylidene-diphenylene carbonate) with a 
molecular weight of from about 35,000 to about 40,000, 
available as Lexan 145 from General Electric Company; 
poly(4,4'-isopropylidene-diphenylene carbonate) with a 
molecular weight of from about 40,000 to about 45,000 
available as Lexan 141 from General Electric Company; 
a polycarbonate resin having a molecular weight of 
from about 50,000 to about 100,000, available as Makro 
lon from Farbenfabricken Bayer A.G.; a polycarbonate 
resin having a molecular weight of from about 20,000 to 
about 50,000, available as Merlon from Mobay Chemi 
cal Company; polyether carbonates; and 4,4,-cyclohex 
ylidene diphenyl polycarbonate. Methylene chloride 
solvent is a desirable component of the charge transport 
layer coating mixture for adequate dissolving of all the 
components and for its low boiling point. 
An especially preferred multilayer photoconductor 

comprises a charge generating layer comprising a 
binder layer of photoconductive material and a contigu 
ous hole transport layer of a polycarbonate resin mate 
rial having a molecular weight of from about 20,000 to 
about 120,000, having dispersed therein from about 25 
to about 75% by weight of one or more compounds 
having the formula: 

X x 

wherein X is selected from the group consisting of an 
alkyl group, having from 1 to about 4 carbon atoms, and 
chlorine, the photoconductive layer exhibiting the ca 
pability of photogeneration of holes and injection of the 
holes, the hole transport layer being substantially non 
absorbing in the spectral region at which the photocon 
ductive layer generates and injects photogenerated 
holes but being capable of supporting the injection of 
photogenerated holes from the photoconductive layer 
and transporting the holes through the hole transport 
layer. 
The thickness of the charge transport layer range 

from about 10 micrometers to about 50 micrometers, 
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and preferably from about 20 micrometers to about 35 
micrometers. Optimum thicknesses may range from 
about 23 micrometers to about 31 micrometers. 
The invention will further be illustrated in the follow 

ing, non-limiting examples, it being understood that 
these examples are intended to be illustrative only and 
that the invention is not intended to be limited to the 
materials, conditions, process parameters and the like 
recited herein. 

EXAMPLE 1 

The preparation of a ?lm containing roughly 23 Wt % 
polyethersulfone and 77 wt % polyamideimide is per 
formed as follows: 2.01 g of polyethersulfone (V ictrex, 
ICI Americas) is dissolved in 350 ml l-methyl-Z-pyr 
rolidinone at l00"—l20° C. Subsequently 6.780 g Torlon 
T-lO (Amoco) is dissolved in the mixture at this temper 
ature. The resulting mixture is then cooled to room 
temperature and added slowly with stirring to 900 ml 
methylisobutyl ketone. A pale yellow dispersion is 
formed which is ?ltered through a 30 um ?lter. A 3 
inch diameterX3 inch tall electroformed nickel man 
drel sleeve (working electrode) is spray coated with a 
Dow Corning 20 silicone mold release agent and the 
excess wiped off. The treated electrode is placed in the 
dispersion. A 15 inch diameter counterelectrode is 
placed concentrically within the working electrode and 
a constant +45V potential from a Kepco APT-1500M 
power supply is applied for 22.5 minutes. The working 
electrode is the anode (connected to the positive termi 
nal of the power supply). During the electrodeposition 
the current diminishes from 4.0 to 1.9 mA as the thick 
ness of the polymer deposit increases. The polymer 
coated nickel mandrel sleeve is removed from the dis 
persion under potential control. The wet ?lm is dried in 
air for 6 minutes, then at 105° C. for 25 minutes and at 
165° C. for 60 minutes in a convection oven. After cool 
ing to room temperature a seamless transparent ?lm, 
approximately 2 mils in thickness is parted from the 
mandrel. 
The preparation of a ?lm containing 50 wt % po 

lyethersulfone and 50 wt % polyamideimide is per 
formed similarly. A dispersion containing 4.4 g each of 
polyethersulfone and polyamideimide in 375 ml dimeth 
ylacetamide and 870 ml methylisobutylketone is pre 
pared by dissolving polyethersulfone in dimethylacet 
amide at 140° C. followed by dissolution of polyamidei 
mide at 140° C. This mixture is added to methylisobutyl 
ketone over 3.5 minutes with stirring. The dispersion is 
?ltered through a 30 um ?lter before use; no agglomer 
ates are observed. A 1 pm ?lm is electrodeposited on a 
smooth optically transparent conductive tin oxide elec 
trode deposited on a glass substrate by applying +20V 
for 1 minute and curing the resulting wet ?lm at 90° C. 
for 15 minutes. 
The preparation of a ?lm containing 77 wt % po 

lyethersulfone and 23 wt % polyamideimide is per 
formed similarly. A dispersion containing 6.777 g po 
lyethersulfone and 2.026 g polyamideimide in 375 ml 
dimethylaceta'mide and 870 ml is obtained as above. An 
approximate 1 pm ?lm of 77% polyethersulfone and 
23% polyamideimide is electrodeposited on a tin oxide 
electrode and cured as in the 50-50% example of po 
lyethersulfone-polyamideimide above. Electrodeposi 
tion is also performed on a silicone coated seamless Ni 
mandrel sleeve at +40V for 15 minutes and a current of 
3-4 mA. Solvent removal involves evaporation at room 
temperature in air for 15 minutes and drying in air at 
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90°, 100°, 110°, 120°, 130° C. for 15 minutes at each 
temperature, and ?nally at 190° C. for one hour. A 31.8 
pm seamless belt is obtained. 
The growth rate of a ?lm containing 77 wt % 

polyamideimide and 23 wt % polyethersulfone is inves 
tigated. A dispersion consisting of 2.026 g polyethersul 
fone and 6.78 g Torlon T-lO in 275 ml dimethylacetam 
ide and 870 ml methylisobutylketone is prepared by 
dissolving the polymers simultaneously in dimethylac 
etamide at 143" C. and dispersing in methylisobutylke 
tone at room temperature. A +40V potential is applied 
to silicone coated planar Ni electrodes in the dispersion 
for 1.5, 3 and 5 minutes, in each case resulting in a cur 
rent of 0.5 mA. The electrodeposited ?lms are each 
dried at 90° C. for 15 minutes and then at 214° C. for 30 
minutes. The cured ?lm thicknesses resulting from these 
runs are 14 um, 34 um and 64 pm, respectively. FIG. 3 
shows a plot of the cured ?lm thickness versus electro 
deposition time indicating good linear growth of the 
?lm with time at a rate of about 14 um/min after an 
induction period of about a half minute. 

In order to clearly observe the polymer domains 
microscopically, thin ?lms are deposited onto smooth 
optically transparent ?uoride doped tin oxide elec 
trodes deposited on a flat glass substrate. Various 1 pm 
?lms containing several concentrations of polyethersul 
fone are deposited as described above except that a 
silicone release agent is not applied to the tin oxide 
electrode, and a +20V potential is applied for one min 
ute. Optical photomicrographs clearly show l-2 um 
irregularly shaped domains of polyethersulfone in 23 wt 
% polyethersulfone-77 wt % polyamideimide. An ap 
proximate 1 pm ?lm of 50/50 % polyethersulfone 
polyamideimide is similarly electrodeposited onto a tin 
oxide electrode. Optical microscopy indicates an inter 
penetrating network of polymer domains with a charac 
teristic dimension of about 3 pm. A ?lm approximately 
1 m thick containing 23%/77% polyamideimide/ 
polyethersulfone is also electrodeposited onto a tin 
oxide electrode. Optical microscopy clearly shows cir 
cularly shaped 5-7 pm polyamideimide particles in a 
host polyethersulfone matrix. 
The mechanical properties of ?lms composed of in 

compatible polymer blends of polyamideimide and p0 
lyethersulfone are investigated as a function of the con 
centration of polyamideimide in the ?lm. FIG. 4 shows 
the dependence of the Young’s modulus on the concen 
tration of polyamideimide is increased from 0 wt % 
(pure polyethersulfone) to 100 wt % polyamideimdie. 
The Young’s modulus increases sigmoidally with an 
inflection point near 50 wt % polyamideimide. Thus it is 
possible to tailor the Young’s modulus of the seamless 
belt by adjusting the composition of the ?lm, i.e. the 
ratio of polyethersulfone to polyamideimide. In addi 
tion it is desirable to be able to mix small quantities of a 
guest polymer into a host polymer to introduce the 
properties of the guest polymer without changing the 
mechanical properties of the host polymer. FIG. 4 
shows that this can be done. For example, it is possible 
to introduce approximately 30 wt % polyethersulfone 
into a host polyamideimide matrix without signi?cantly 
affecting the Young’s modulus of the ?lm. 
FIG. 5 shows the in?uence of the ?lm composition 

on the ability of the ?lm to resist crack initiation over a 
range of polyamideimide concentrations. The ?gure 
shows a plot of the stress intensity factor, K, , a measure 
of the resistance of the polymer ?lm to crack initiation 
from 0 to 100 % polyamideimide concentrations. The 
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stress intensity factor for polyethersulfone is lower than 
that of polyamideimide as shown in FIG. 5. At low ' 
polyamideimide concentrations Kc is practically inde 
pendent of the concentration of polyamideimide in the 
?lm. Above 50 wt % the crack initiation resistance of 
polyethersulfone is improved by the addition of 
polyamideimide. 

EXAMPLE 2 

2.028 g copolyester (KODAR PETG Copolyester 
6763 (ethylene-l,4-cyclohexylenedimethylene tere 
phthalate), Eastman Kodak Co.) is dissolved in 350 ml 
l-methyl-Z-pyrrolidinone at 110° C. and subsequently 
6.03 g Torlon T-lO is dissolved in the mixture at 130° C. 
No special pretreatment of the polymers is performed. 
The resulting mixture is then cooled to room tempera 
ture and added slowly with stirring to 840 ml butyroni 
trile. A bright yellow dispersion is formed and ?ltered 
through a 30 um ?lter. A 3 inch diameter><3 inch tall 
electroformed nickel mandrel sleeve is coated with a 
silicone mold release agent as in Example 1. The elec 
trodeposition apparatus is also the same as in Example 1. 
A potential of +44V is applied to the working elec 
trode (relative to the counterelectrode) for 22.5 min 
utes. During this time a current of 6 mA flows which 
decreases slightly with time. The wet polymer compos 
ite polymer ?lm is air dried for about 15 minutes then 
dried in air at 95° C. for 20 minutes and 160° C. for 10 
minutes. An opaque, light scattering 6 mil thick ?lm is 
separated from the mandrel after cooling to room tem 
perature. Microdomains at 20-50 pm are observed mi 
croscopically. 
The mechanical properties of this ?lm were quite 

favorable. Table 1 shows the salient mechanical proper 
ties of this composite ?lm. One of the key advantages is 
that the composite ?lm of 25% copolyester-75% 
polyamideimide has the tensile strength of a 100% 
polyamideimide ?lm, i.e. there is no signi?cant differ 
ence in the Young’s modulus of these ?lms. In fact, the 
composite ?lm has a signi?cantly higher Young’s mod 
ulus than the pure copolyester ?lm. The tensile strength 
at break for the composite is the same as that of pure 
polyamideimide ?lm and signi?cantly better than the 
pure copolyester. Signi?cantly, the breaking strain of 
the composite is much greater than that of the 
polyamideimide alone. Although the breaking strain of 
the copolyester is not known, it is likely to be similar to 
other polyesters which are known to have higher break 
ing strain than electrodeposited Torlon T-lO. While the 
stress intensity factor (the resistance to crack initiation) 
is not improved in the composite relative to polyamidei 
mide, the tear propagation rate is roughly 7 times 
slower in the copolyester-polyamideimide composite 
than polyamideimide which negates the effect of an 
initiated tear. Thus the best mechanical properties of 
both polymers are incorporated into the composite. 
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EXAMPLE 3 

1.5 g polycarbonate (Makrolon) is dissolved in a small 
volume of methylene chloride. The solution of polycar 
bonate is then added to l-methyl-Z-pyrrolidinone and 
heated to remove methylene chloride. 6 g Torlon 
4000TF is dissolved in the l-methyl-Z-pyrrolidinone 
mixture and the volume of l-methyl-Z-pyrrolidinone is 
brought up to 365 ml. The resulting mixture is cooled to 
room temperature and slowly added with stirring to 850 
ml methyisobutylketone. Nickel mandrel sleeve prepa 
ration and apparatus are the same as described in Exam 
ple l. A constant potential of +50V is applied to the 
working electrode for 2 hours. A current of 7.5 mA is 
initially passed. This decreases to 4 mA at the end of the 
electrodeposition. The ?lm is dried at 105° C. overnight 
and separated from the mandrel. A seamless belt 35—65 
pm thick is obtained. Film uniformity is excellent cir 
cumferentially but varies longitudinally. The ?lms are 
slightly light scattering. Optical microscopy shows 
uniform circular domains of polycarbonate (mainly 
20-40 pm) in a polyamideimide matrix. 

EXAMPLE 4 

230 ml of a mixture (dispersion) of 12 wt % Tedlar, 78 
wt % propylene carbonate and 10 wt % methanol is 
mixed rapidly with 20 ml of 30 g/l solution of Torlon 
T-l0 in l-methyl-2-pyrrolidinone. Electrodeposition is 
accomplished as in Example 1 at a potential of 20 V for 
2 minutes. A very viscous yellow dispersion of Tedlar 
(host polymer) and Torlon T-lO guest polymer results. 
Electrodeposition of Torlon and Tedlar occurs at the 
cathode. The. solvent wet ?lm is cured by heating for 20 
minutes at 180° C. in an open atmosphere. The resultant 
?lm is separated from the Ni mandrel and is optically 
clear. Microscopy indicates that the Torlon mi 
crodomains are 50 pm in diameter. The obtained thick 
ness is 3.8 mils. 

EXAMPLE 5 

A dispersion containing 50 wt % Torlon T-lO 
polyamideimide and 50 wt % poly(imide)-co-poly( 
siloxane), a proprietary block copolymer obtained from 
the General Electric Co., is prepared by mixing a dis 
persion of the two individual polymers. 3.0 g of the 
block copolymer is dissolved in 100 ml N-methylpyr 
rolidinone and is added with stirring to 300 ml acetoni 
trile. A stable milky white dispersion is obtained. A 
dispersion of Torlon T-lO is then prepared by dissolving 
9.0 g Torlon in 380 ml l-methyl-2-pyrrolidinone at 
> 100° C. and adding the mixture to 1100 ml acetoni 
trile. A stable bright yellow dispersion results. One part 
of the block copolymer dispersion is mixed with three 
parts by volume of the Torlon dispersion resulting in a 
dispersion containing 70 wt % Torlon-30 wt % block 
copolymer and 25 vol. % l-methyl-Z-pyrrolidinone. 
The electrophoretic deposition of the block copolymer 
and Torlon is effected at 40 V for 20 minutes with an 

TABLE 1 
Young’s Tensile Breaking Stress Tear 

Polymer Modulus Strength Strain Intensity Propagation 
Film (105 psi) (103 psi) (%) Factor, Kc (inch/sec) 
Poly- 4.2 12.0 9-30 4.1 1.2 
amideirnide 
Kodar 2.5 7.3 — -— — 

25% Kodar- 4.1 12.1 30-67 4.0 0.l6 
75% Polyamideimine 
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initial current of 6.1 mA and a ?nal current of 3.5 mA. 
A seamless belt which is uniformly 2 mil thick over 
most of the mandrel is parted from the mandrel. The 
belt is translucent. Optical microscopy clearly shows 
5-10 pm domains of the copolymer in the polyamidei 
mide host matrix. 
While the invention has been described with refer 

ence to particular preferred embodiments, the invention 
is not limited to the speci?c examples given, and other 
embodiments and modi?cations can be made by those 
skilled in ‘the art without departing from the spirit and 
scope of the invention. 
What is claimed is: 
1. A polymer ?lm comprising a microheterogeneous 

blend of at least two thermoplastic polymers, the ?lm 
being comprised of micro-domains of a guest polymer 
dispersed in a host polymer, and being produced by 
electrodepositing a dispersion of charged particles of 
said guest polymer and said host polymer, said disper 
sion being formed without a nitrogen-containing base. 

2. The polymer ?lm of claim 1, wherein said ?lm is a 
seamless belt. 
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3. The polymer ?lm of claim 1, wherein said poly 

mers of said microheterogeneous blend are incompati 
ble polymers. 

4. The polymer ?lm of claim 1, wherein said micro 
domains of said guest polymer have a particle size less 
than about 50 micrometers. 

5. The polymer ?lm of claim 1, wherein said poly 
mers of said microheterogeneous blend are selected 
from the group consisting of polyamideimide, polyeth 
ersulfone, polyester, polyvinyl?uoride, polyvinylidene 
?uoride and polycarbonate. 

6. The polymer ?lm of claim 1, wherein said ?lm is a 
layer in an imaging member. 

7. An electrophotographic imaging member, com 
prising a polymer ?lm comprising of a microhetero 
geneous blend of at least two thermoplastic polymers, 
the ?lm being comprised of micro-domains of a guest 
polymer dispersed in a host polymer, and being pro 
duced by electrodepositing a dispersion of charged 
particles of said guest polymer and said host polymer, 
said dispersion being formed without a nitrogen-con 
taining base. 

i i t t it 


